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EXTENDED ABSTRACT ONLY - DO NOT CITE

Very little is known about how performance characteristics of economically important fishes relate to Darwinian fitness. In addition, fish physiologists have rarely studied variation of performance and its component processes, the raw material of natural selection. If variation in performance can be related to differential success in either wild or aquaculture situations, the mechanism(s) behind that variation will be of great interest. 

Some degree of swimming performance is undoubtedly critical to the success of individuals of the species we chose to examine these issues with, the European sea bass (Dicentrarchus labrax). This economically important species develops in estuaries where it is subject to substantial predation, migrates as both a juvenile and an adult and is a pelagic predator of other active species throughout its adult life. Thus, various swimming styles are required by sea bass to complete their life cycle and understanding the factors that control different types of swimming could be important for predicting an individual sea bass’ chances for success. Fishery models generally use a single number for all members of a species when it concerns factors such as swimming speed and metabolic rate. However, we have found that laboratory-raised sea bass of similar size can vary 300% in their rates of oxygen consumption at the same swimming speed; likewise the significantly repeatable sprinting ability of similar-sized, laboratory-raised sea bass can vary by over 200% (Figure 1). Thus, the first criterion for demonstrating natural selection on locomotion (and metabolism) exists in sea bass, namely, measurable variation in the traits (Endler 1986). The work described here was designed to ascertain whether a second criterion for natural selection, a link with survivorship exists. The purpose of this experiment was to: 1) develop swimming tests for sea bass that assessed their performance capacities on different temporal scales; 2) measure the performances of 120 individual sea bass with multiple performance tests and establish the inter-relationship of the various tests with each other, morphology and metabolic rate, and, 3) release the animals to man-made estuaries without predators at densities that assured competition for the natural forage base. 

Methods

European sea bass of both sexes were obtained from a local hatchery in March 2002 and brought to the Centre de Recherche sur les Ecosystèmes Marins et Aquacoles (CREMA) in L’Houmeau France. Upon arrival at the laboratory, they were transferred to 500 l tanks supplied with recirculated and filtered natural seawater and had a Personal Identification Transponder (PIT) tag inserted subcutaneously. Endurance performance was measured with a modified critical swimming speed protocol (Brett 1964) in a Brett-type swim-tunnel respirometer. After overnight acclimation to a 15cm/s current, the fish were raised to 50cm/s and then subjected to successive increments of 10 cm/s every 30 min until exhausted. Sprint performance was measured with a laser detection "drag strip" as described by Nelson et al. (2002), but the chamber was modified for the dimensions of juvenile sea bass and employed numerous advances in electronic technology. Each fish was sprinted between four and seven times in a single day (Figure 1). Mass, length, width and height of each fish were measured upon arrival in the laboratory. These measurements were repeated immediately prior to release into the estuaries and after 60, 110, and 160 days of residence in the ponds. Detailed morphological measurements were made on all fish from digital images taken both prior to release into the earthen ponds and on all survivors of 160 days in the ponds. Morphometric analyses was performed with the public domain "National Institutes of Health Image" program. The program was used to make a truss network consisting of 22 measurements modeled after Bookstein et al. (1985).

Figure 1. Relationship between sprint trials of 125 sea bass. The highest velocity reached by each individual in it's second fastest of four-six trials run over a period of one-two hours is graphed against the highest velocity reached in that same individual's third fastest trial P<0.00001(Spearman rank). 
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To assess whether resource acquisition and survival are functions of locomotor capacity, the sea bass were randomly divided between two identical 200 m2 by 1 m deep earthen ponds that connect to the Atlantic Ocean via a canal. The tidal earthen ponds are designed to allow a natural forage base to arrive with the incoming tide while standpipes and meshing prevent the experimental fish from escaping. Sea bass were initially stocked at a density of 60 fish per pond to ensure intense competition for resources. However, following 110 days in the ponds and 50% mortality, the experimental ponds were supplemented with live food seined from neighboring ponds to prevent further mortality. After 160 days,  surviving animals (53) were removed to the laboratory for assessment of active metabolic rate and re-assessment of morphology and performance. 

Results

While there was no simple univariate relationship between any initial measurement of laboratory-raised fish and subsequent survival in the estuaries, definitive selection occurred in the ponds and several other interesting results emerged. Growth rate from a previous interval (laboratory or field) always predicted survival in a subsequent interval (P<0.01). Intense intraspecific competition for resources led to a significant narrowing of variance in morphology towards a body shape that was also optimal for sprinting ability among survivors (Figure 2). Related to this finding was a significant tradeoff between growth performance in the estuaries and subsequent sprint performance (P<0.01).  Finally, non-parametric rank tests suggest that the Ucrit test was significantly repeatable after 160 days in a simulated field environment (P<0.05) and the sprint test nearly so (P=0.056). These experiments are currently being expanded to include the role of predation. 

References

Bookstein, F. , B. Chernoff, R. Elder, J. Humphries, G. smith and R. 1985.  Morphhometrics in evolutionary biology. Special Publication 15. The academy of Natural Sciences of Philadelphia. Philadelphia.

Brett, J.R. 1964. The respiratory metabolism and swimming performance of young sockeye salmon. J. Fish. Res. Board Can. 21: 1183-1226.

Endler, P. 1986. Natural selection in the wild. Princeton: Princeton Univ. Press. 

Nelson, J.A., P. S. Gotwalt , D.W. Webber and S. Reidy 2002. Beyond Ucrit: Matching swimming performance tests to the physiological ecology of the animal, including a fish “drag strip". Comparative Biochemistry & Physiology. 133/2 pp 289-302.


Figure 2. Maximal sprint performance as a function of fish condition factor (length and mass)in 53 juvenile seabass that survived 5 months in man-made estuaries.
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